ILl General Considerations
Mean values of quantities are often sufficient in radiation protection practice and are used for limitation purposes. Both the absorbed dose and the quality factor depend on the location in the body and on its orientation in the radiation field. Mean-value quantities, averaged over an extended mass, must therefore be formulated as integrals.
Mean Absorbed Dose in an Organ
The mean absorbed dose, DT, in a specified tissue or organ, T, is given by (II. 1) where mT is the mass of the tissue or organ, and D is the absorbed dose in the mass element dm.
The mean absorbed dose, DT, in a specified tissue or organ, equals the ratio of the energy imparted, ET, to the tissue or organ, and mT, the mass of the tissue or organ.
In the case of irradiations from external sources, the mean absorbed dose in a specific tissue or organ depends on the ambient radiation field and on the size and orientation of the body in this field.
The mean absorbed dose in a specified organ IS sometimes termed the organ dose.
Factors Characterizing the Radiation Quality
The mean quality factor, QT, in a specified tissue or organ, T, is given by
where DT is the mean absorbed dose to the tissue or organ, mT is its mass, and Q and D are the quality factor and the absorbed dose in the mass element dm, respectively.
The determination of QT involves a double integration over the distribution, DL , of absorbed dose at a point in linear energy transfer, and over the tissue of interest. Therefore,
QT is sometimes called the quality factor in a specified organ.
QT is based on the type and energy of the radiation existing in the organ of interest. Thus, in the case of irradiations from external sources, QT in a specified tissue or organ depends on the ambient radiation field, on the size and orientation of the body in this field, and on the tissue or organ.
In most instances, however, the energy spectrum of the radiation in the regions of interest is not well known; the QT'S in any organ can then be approximated by a conventional mean quality factor, Q, (see Table 1 , ICRU Report 40 (ICRU, 1986) ).
In the new recommendations of the ICRP (ICRP, 1991), radiation weighting factors, WR, are introduced which playa role analogous to Q. The ICRP specifies their numerical values in terms of particle type and energy. These specifications apply to the radiations emitted by the source in the case of internal irradiation; for external irradiation, they refer to the radiation incident on the body and do not depend on location in, or orientation of, the body.
The radiation weighting factor for a radiation with different components is the sum of the radiation weighting factors, WR, of the component radiations, R, weighted according to their relative contributions DT,RI DT to the organ dose, DT. The resulting factor thus depends on the angular distribution of the radiation, on the size and orientation of the body, and on the organ.
The individual contributions, DT,R, cannot be separately identified in measurement. Thus, they cannot be attributed to the incident radiation components, and cannot be assigned their respective weighting factors.
While utilization of Q or WR may be appropriate for most practical purposes in radiation protection, these concepts cannot be employed in a coherent system of quantities (Kellerer, 1990) , nor in metrology or in accurate calculation (ECRU, 1993) .
Quantities Used for Limitation Purposes
The ICRP (lCRP, 1977) recommended that the limiting quantities be organ dose equivalent and effective dose equivalent. The organ dose equivalent is the mean dose equivalent in a specified tissue or organ and is given by the product QTDT, where QT is the mean quality factor in the organ (see Section 11.3) and DT is the mean absorbed dose to the organ (see Section 11.2). The organ dose equivalent, QTDT, is readily obtainable from Eq. 11.3.
The effective dose equivalent, HE, can be expressed by the relation
where WT is the tissue weighting factor for the relevant organ or tissue T. The ICRP has specified numerical values for tissue weighting factors which are given in Appendix B.
The determination of HE requires the knowledge of the distribution, DL , of absorbed dose, in L, as well as the functional relationship, Q (L ). For application in practice, the operational quantities, ambient dose equivalent, directional dose equivalent and personal dose equivalent (see Section 1.4.3) have been devised as measurable quantities related to the effective dose equivalent.
In 1991, the ICRP (ICRP, 1991) introduced two new quantities, based on the radiation weighting factors (see Section 11.3), replacing the organ dose equivalent and the effective dose equivalent. These quantities are termed equivalent dose and effective dose, respectively.
The equivalent dose, H T , in a tissue or organ is given by (II.5) where DT,R is the mean absorbed dose in the tissue or organ, T, due to radiation R, and WR is the corresponding radiation weighting factor.
The effective dose, E, is given by (II.6a) where HT is the equivalent dose in the tissue or organ, T, and WT is the corresponding tissue weighting factor. Equation II.6a may also be written (I1.6b)
In this quantity, the organ quality factor, QT, which appears in HE (see Eq. II.4), is replaced by the sum of the radiation weighting factors, WR, of the component radiations, R, weighted according to their relative contribution, DT,R/ DT , to the organ dose, DT . The quantity DT,R appearing in Eqs. II.5 and I1.6b, cannot be evaluated experimentally. Therefore, these equations cannot be used as a basis for measurements. For measurement purposes, the quantities defined in terms of Q, namely ambient dose equivalent, directional dose equivalent and personal dose equivalent (see Section 1.4.3), are to be used (ICRP, 1991) .
